Based on experimental studies using the "integral velocity index of the vertical displacement of the territory" and criterion of generalized seismicity, a close functional relationship was found between two parameters of different physical nature: seismic activity and altitude displacements of the Earth's surface in Europe. The mathematical correlation between the generalized parameters of the velocity altitude displacements on the territory and seismic activity is established according to seismic and GNSS stations for the period from 2000-2011 for the areas in Europe with close correlation between seismicity and velocity of vertical movements of the Earth's surface.
2012, 2016) and warning tsunami (Blewitt et al., 2009; Sobolev et. al., 2007) . GNSS-receiver partially can replace seismograph. But GNSS receiver cannot capture high-frequency seismic vibrations and is less sensitive than seismograph, that's why according to GNSS technology it can't be applied for monitoring seismic waves of weak or distant earthquakes (Liu et al., 2012) .
Using networks of GNSS stations for seismology may have another aspect. It is looking for interrelation between slow displacement of Earth´s surface and generalized seismic parameters (Tretyak and Romaniuk, 2013) . There are time periods when in certain regions on the whole continents seismic activity is increasing or reducing (EMSC-CSEM, USGS). In Figure 1 there is a histogram of the annual distribution of earthquakes on the territory of Europe according to the magnitude for the period 2000-2011. Each column of the histogram shows the number of earthquakes of a certain range of magnitude that occurred during a certain period. Actually generalized seismicity must display the integrated parameters of earthquakes that is the total magnitude or earthquakes power having appeared in a certain area for a certain period of time (Yokoyama and Nazzaro, 2002; Stenmark, 2014) .
The task of this research is not to predict a certain seismic event but to find interrelation between the field of vertical movements of the Earth´s surface and seismic activity as a whole and vice versa. It is obvious that spatial vector reflects the movements of GNSS stations under the influence of the tectonic
INTRODUCTION
Earthquake prediction is a difficult scientific problem and the main goal of seismology. Despite considerable scientists' efforts (Mladenovski, 1985) there is no specific methods now that can predict the time and place of seismic tremor. One way of this problem solution is to decide interrelation between seismic events and movements or deformations of the Earth surface. Especially, it has become actual with the appearance of high-precision GNSS network used for monitoring geodynamic processes slow and intermittent Earth´s surface movements caused by seismic and technological factors. A great deal of information is collected from GNSS networks in seismically dangerous regions of the world based on the data of GNSS-stations before and after earthquakes. The most significant is researching with the help of high frequency kinematic GNSS-receivers of permanent stations network situated in Japanese GEONET, especially during preparative periods and at time of the disastrous 9-points magnitude earthquake on the 11th of March, 2011. However, prediction of seismic events using analysis of coseismic displacement of permanent stations is possible with the appearance of powerful earthquakes and fixation of abnormal deformations which can occur in a short period of time before the earthquake. With the development of GNSS technologies, a new direction in GNSS seismology has appeared which due to the high speed data of GNSS stations positioning technology can be applied for monitoring earthquakes in real time (Allen and Ziv, 2011 ; Avallone et al. The basis for studying tectonic vertical movements is the hypothesis of their formation under the influence of vertical convection flows in the mantle layers. The movement of tectonic plates is always caused by the action of certain forces. A. Wegener assumed that the motion of tectonic plates was caused by tidal forces, or forces associated with the rotation of the Earth. However, H. Jeffreys showed that these forces were not enough (Jeffreys, 2008) . The action of forces is required for displacement of tectonic plates, which will appear in the energy of earthquakes and volcanic explosions, the formation of mountains. As a hypothetical mechanism, thermal convection was proposed -vertical flows of mantle liquid. Convection can occur in a fluid that is heated below or from inside and is cooled above. As a result, colder rocks are immersed in the depth of the mantle. Hot flows rise to the inner surface of the Earth´s crust and create the effect of vertical forces which create vertical movements and tension of the Earth´s crust. Partially this tension leads to the occurrence of earthquakes in deep tectonic faults and energy allocation. The reflection of deep deformations can be observed in the movement of the Earth's surface in the area of the future earthquake. Abnormal movements of the Earth's surface after earthquakes represent the total magnitude, reflection of the motion of the energy accumulation and discharge periods (Rudenko et al., 2013; Altamimi, 2015; He et al., 2015; Métivier et al., 2014) .
The direction of this research coincides with the various working groups activities and multifunctional services of the International Association of Geodesy (IAG), International Service GNSS, EUREF forces. We consider only the vertical movement in order to simplify the task of searching for the correlation between generalized seismicity and generalized parameters of the Earth´s motion. The relationship between vertical movements and seismicity has been established long ago (Yokoyama and Nazzaro, 2002; Dambara, 1966; Yurkevich, 1964) and is confirmed by modern technologies, in particular, InSAR, (Jung and Hong, 2017; Lu et al., 2003; Cheloni et al., 2017) . Based on GNSS measurements at 33 points, significant differences were defined in the coseismic and post-seismic vertical displacement of the earthquake in Italy on April 6, 2009 (Cenni et al., 2012) , and the coseismic displacement of the earthquake on August 24, 2016 in central Italy (Cheloni et al ., 2016) , consistent with seismic and geological data. Establishing such a correlation can allow the development of a mechanism to forecast generalized seismic activity. The connection of background deformations with strong earthquake manifestation is established in the research (Riguzzi et al., 2012 (Riguzzi et al., , 2013 , although this opinion is not supported (Cenni et al., 2015) , but it offers GNSS monitoring of post-seismic displacements in order to be reconstructed, and these results are used for medium-term earthquake prediction. Based on the comprehensive analysis of GNSS networks, it is proposed to clarify the zones of possible earthquake manifestation (Panza et al., 2017) . Spatial-temporal studying of the fact of the interrelation between the field of vertical movements of the Earth´s surface and overall seismic activity is essential and it obviously correlates with the modern tectonic structure and modern geodynamics.
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145 a satisfactory result to determine the linear velocity that is obviously the manifestation of vertical movements of the Earth's surface. However, reducing the duration of measurements to one-two years worsens the accuracy of determining vertical velocities up to 1-2 mm/year and more (Cenni et al., 2013; Esposito et al., 2015; Devoti et al., 2017) . If the period of observations is reduced within the year, the accuracy of determination of the vertical velocity significantly increases and requires correction of time series results, taking into account the periodic signal. It should be noted that, vertical velocity has been determined out of the results of repeated geometric leveling or tide gauge observations and it coincides with the plumb line and is attributed to the surface of geoid or quasigeoid. Vertical velocity determined with the help of GNSS-measurements coincides with the normal line and is determined in accordance with the level-surface or reference ellipsoid. Non-parallelism of plumb line and normal of the Earth´s surface is small and it does not affect the difference of velocity vectors which have been out of relative level surface or reference ellipsoid. The offset point relatively to reference ellipsoid δr to the level surface δH is linked by equation: δr=δH+δN, where δN is changing level of surface height above the ellipsoid surface. It is known that changing of δN, almost for all regions of the world is by 1-2 times less than δH, that's why its value can be negligible (Torge, 1999) . Differences of these values are more related to errors using in geometric methods of leveling measurement, tide gauge observations and GNSS measurements. This is confirmed by the concept and the basic principles of the established unified European reference system of heights. Today it is a coherent geometric and physical reference system of heights connected to the gravital field of the Earth in the form of few implementations. Thus, the direct calculation of normal heights based on GNSS-measurements and quasigeoid model can be sure widely used not only for the needs of geodesy, but for the geodynamic processing research (Marchenko et al., 2013; Ihde and Augath, 2001; Ihde and Augath, 2002) .
The results of GNSS-measurements obtained in recent years on the European continent in particular show the importance of the vertical component of tectonic movements in the Earth's surface formations and in the whole lithosphere. The formation forces that determine these processes are of exogenous and endogenous nature, and zones of abnormal vertical movements coincide with seismic active territories.
THE PURPOSE AND THE TASK OF THE RESEARCH
The main purpose of the research is to establish criteria of generalized seismic activity and velocity field of vertical movements of the Earth's surface, which was determined out of GNSS station measurements. To establish a possible interrelation between generalized parameters of vertical velocity field and seismic activity in order to determine Permanent GPS Network, The Global Geodetic Observing System (Santamaria-Gómez, 2010), EPOS -European surveillance system for plates (Lidberg et al., 2014; Fernandes, 2014; Hatanaka et al., 2003; Pospíšil et al., 2017; Klos and Bogusz, 2017 ) . One of the main tasks of these services is to study the spatial movements of the Earth's surface and their interrelation to processes occurring in lithosphere. Great attention is paid for establishing the interrelation between modern vertical movements and the forces that cause them. One of these forces is seismic force. Thus using global satellite geodesy it is possible to get not only high quality information about modern geodynamics but to observe all its spatial and place changes that is especially important for the purposes of adequate seismic zoning and finding interrelation in geodynamic processes (Joó, 1998) .
However, the accuracy of European network of GNSS stations (EPN) coordinates with daily solutions and is about of 2-3 mm in the plane and 3-4 mm in the height. This accuracy is not satisfactory for velocity mapping of vertical movements of the Earth's surface. The basic amounts of EPN GNSS stations have been operating for more than 10 years. Time periods are constructed based on their observations and are presented on the web pages of various services (IGS, EPN, SOPAC). These time periods display periodical and linear velocities. Periodic signals have a significant effect on velocity determination, but the main periodic signals are almost invested in the annual period (these are annual, half-yearly and shorter-period signals; Abraha et al., 2017) . Periodic signals for more than 200 stations all around the world were investigated and it was found out that the duration of the annual period is within 349-393 days, for the European territory it is within 360-370 days (Tretyak et al., 2012) . Accordingly, this periodic signal is almost offset at annual speeds. Periodic signals arise under the influence of various factors (Dong et al., 2002; Gruszczynska et al., 2017; Tretyak et al., 2015) . As periodic oscillations are practically constant, they do not appear at the average velocities of vertical movements determined on the basis of long-term data processing, but the accuracy of velocity determination is different. In addition to these factors, we still get changes in the velocity of the GNSS stations connected with melting of glaciers, changes in groundwater level and in soil moisture, local geological and geomorphological conditions, and thermal expansion of buildings where satellites are installed. These impacts on restricted areas will obviously contribute anomalous component to the velocity of vertical movements of the Earth's surface. Their influence will be reduced to the results of research on the continents and with the increase of density of GNSS stations. It depends on the duration of observations and stability of the GNSS stations. For most GNSS stations, according to multidimensional measurements, the accuracy of determination of vertical velocities is within the range of 0.3-0.6 mm/year (Desai et al., 2016) . This is quite a -a semi-major axis of the ellipse of scattering earthquake epicenters b -a semi-minor axis of the ellipse of scattering earthquake epicenters • to study the dynamics of modern velocity field of vertical movements of the Earth's surface applying European durable GNSS measurements;
• to create generalized criteria of vertical velocity field of the Earth's surface;
• to study spatial and temporal interrelation between the values of generalized criteria of vertical velocity field of the Earth's surface and seismicity in Europe.
GENERALIZED CRITERIA OF SEISMICITY AND VERTICAL MOVEMENTS OF THE EARTH'S SURFACE
As generalization parameters of seismicity, the total number of earthquakes of a certain magnitude, total earthquake energy, total moment seismic release and total global seismic-moment are used. Global seismic-moment appeared on a certain territory over a certain period of time (Yokoyama and Nazzaro, 2002; Ambraseys and Sarma, 1999; Bufe and Perkins, 2005; Gregersen and Basham, 2012; Zaliapin and Kreemer, 2017) . However, the calculation of these parameters does not take into account the earthquake epicenters on the Earth´s surface.
To generalize seismicity (Tretyak et al., 2008) it has been suggested to use ellipse of scattering earthquake epicenters. This is a statistical approach that allows us to generalize earthquakes of different magnitude and energy that have occurred over a certain period of time within a certain area (triangle). For its interpretation a special triangle, based on permanent GNSS stations A, B, C, within
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147 a b c Fig. 3 Dependence of ellipsis earthquake scattering on the spatial distribution of earthquakes of different magnitudes.
Vertical movements of the Earth's surface display stress and deformations at the measures of tectonic blocks and the upper mantle and have obvious connection to seismic activity. Their intensity varies in time. Trends analysis of vertical displacement using the tide gauges and GNSS measurements give the possibility to reveal the age, long and short term components. For example, measured and approximated time periods of determination of vertical movements of the Earth's surface according to the tide gauge OSLO (Norway), La Coruna I (Spain) and closely set to them OSLO GNSS stations and ACOR are shown in Figure 4 . Actually short-term components, which are pointed out using permanent GNSS stations, can be linked to seasonal events: not equal rotary movement of the Earth, changing atmospheric pressure, enhancing the Earth´s temperature, changing groundwater levels and the accumulation of seismic deformation (Tretyak et al., 2015) .
As, the vertical movements of the Earth's surface over the vast areas have general trend and some deviation from it, it is clear that short time deviation can be interpreted as a display of seismic stresses and deformations. One of the methods of finding the interrelation between these events is to establish space-time correlation between them. However, changing distribution of vertical movements of the Earth's surface in a certain area requires a generalization, as well as seismic activity does. Determination of short time vertical displacements over large territory is only possible applying the results of permanent GNSS-stations measurements. Definition of vertical movements using GNSS measurement data has a different physical approach and other error sources than traditional geometric leveling or tide gauge observations. Despite the fact that Torge in 1999 (Torge, 1999) had used these methods, he showed that the difference between surfaces of reference (reference ellipsoid and geoid) did not effect on the result of determined velocity of vertical movements of the Earth's surface. However, the experience has shown that the results of determination of vertical crust movements applying GNSS measurements and tide gauge observations do not always correlate. It can be explained by the existing different error sources, which are presented in n is the number of earthquakes recorded for a certain period of time; M is magnitude of earthquake;
Azimuth of semi-major axis defined by the following equation: 
If, within the triangle, the earthquake epicenters of the same magnitude are uniformly distributed throughout the triangle, the ellipse will be the circle with a radius corresponding to the earthquake magnitude (Fig. 3a) .
If the distribution of earthquakes of the same magnitude is unequal, then the splitting ellipse of the semi-major axis will be directed towards the maximum anisotropy; semi-minor axis will form a conditional circle of even distribution of earthquakes, or background area (Fig. 3b) .
When abnormal magnitude earthquakes appeared on the background of the earthquakes with the same magnitude, ellipse scattering will be semi-major axis directed towards abnormal earthquakes, or maximum anisotropy and semi-minor axis will again form a conditional circle with geographically uniform distribution of small and medium magnitude earthquakes, so it means earthquakes which form seismic background (Fig. 3c) .
A semi-major axis of ellipse of scattering earthquake epicenters is summarized mainly by high magnitude earthquakes, and semi-minor axis, respectively, by slack earthquakes that make up the seismic background of studying area.
There are times when the increasing seismic activity in certain regions and whole continents is observed, but it is decreasing. Having looked (Fig. 1) at histogram of earthquakes distribution it is obviously seen that the largest number of earthquakes of all magnitude range are held in 2003, 2010 and 2011, but in 2000, 2006 earthquake intensity was lower. Thus, parameters of ellipse of scattering earthquake epicenters for certain areas will differ annually. Figure 5a shows graphically vectors of the velocity of vertical movement of permanent GNSS stations of a set triangle. Within set triangle or a group of triangles integral velocity index of the vertical displacement will be presented by the total volume in dark gray color (rising area) and in gray color (lowering area) in Figure 5b .
Integral Velocity Index of the Vertical Displacement does not differentiate between elevation and lowering of the Earth's surface. However, a scalar moment of seismicity is used to generalize a seismic event and it only reflects the earthquake magnitude without detailing the spatial displacements and is determined by a similar equation as the proposed integral index of velocity altitude displacement. The scalar seismic moment M 0 is defined by the equation, where μ is the shear modulus of the rocks involved in the earthquake (in Pa), A is the area of the rupture along the geologic fault where the earthquake occurred (in m 2 ), D is the average slip on (in m). Accordingly, surface displacement volume is without spatial distribution. Hence, the scalar seismic moment calculate d from data of seismographs, geodetic measurements, and in paleoseismology according to geological displacements (Pancha et al., 2006; Selvaggi et al., 1997) .
Any territory with set permanent GNSS-stations network can be divided into relative triangles. To do this, the best way is to apply a well-known method of triangulation by Delaunay. these methods. Thus, the results obtained using tide gauge observation is distorted by onflow phenomena, salty changes, sea currents, wind directions and other factors. Ionosphere and troposphere effects, displacements of aerial phase center, changes in the spatial coordinate systems distort GNSS measurements. Nevertheless, there is better technology than GNSS measurements for monitoring vertical movements on the large territory. Taking into consideration that seismic deformations are displayed in spatial and temporal changes of the velocity of vertical crust movements thus setting them as measuring difference in time and as a result, significant part of errors shown by GNSS measurements will be compensated.
In order to implement generalized evaluation criteria of velocity of vertical movements of the Earth's surface, the concept of the integral velocity index of the vertical displacement has been adopted. Physically, it expresses the "volume" of the velocity altitude displacement of the Earth's surface. The integral velocity index of the vertical displacement is determined by equation (4):
where: S is square of the triangle set by three permanent GNSS-stations; i V is absolute velocity of permanent GNSS stations displacement and i is apex of the triangle. Table 1 .
Permanent GNSS stations network for each year measurement have been divided by Delaunay triangulation on the triangles network, the apex of which are permanent GNSS-stations. An example, using Delaunay triangulation network formed by the operating permanent GNSS-stations in 2000 is shown in Figure 6a .
As the number of permanent GNSS-stations is increasing each year, thus the density of operating triangles network is increasing too. Figure 6b shows the triangles network formed by permanent GNSSstations in 2011. Based on the set up factors of earthquakes and annual created maps of triangles networks the division of selected earthquakes within each group has been done. Earthquakes, the epicenters of which are located within the measures of the set triangle are included in a separate group.
As the whole area is covered by triangles network, the total volume of velocity altitude displacement of the Earth's surface is determined by the equation (4). Thus, the numerical integration of the entire territory based on three variables (x, y, h) will be the result. Physically, this is the absolute velocity volume of changing surface that is the result of vertical movements of the Earth's surface (Fig. 5c) . The parameter of absolute altitude displacement of the Earth's surface is similar to the scalar moment of seismicity, which only reflects the magnitude of the earthquake without the details of special displacements.
Therefore, applying GNSS measurements it is possible to determine the integral velocity index of the vertical displacement, for a certain period of time, which will generalize the velocity field of vertical movements of the Earth's surface.
As the result, seismic activity and velocity field of vertical movements of the Earth's surface can be summarized by two criteria: ellipse of scattering earthquake epicenters and integral velocity index of the vertical displacement.
Search for space-time correlation between these parameters can be the way to establish mechanism of seismic display of vertical movements of the Earth's surface.
DATA
To analyze displaying of correlative connection of the total seismic activity and velocity field of modern vertical crust movements selected on the European territory has been perfect experimental place for this research. This is due to the presence of relatively dense network of permanent GNSS-stations a) b)
-triangle of Delaunay network -epicenters of earthquakes is obvious that during the period of observations significant fluctuations of extreme velocities of rising and lowering of the territory have been recorded. It especially concerns negative velocities.
INVESTIGATION OF INTERRELATION BETWEEN SEISMICITY AND VERTICAL MOVEMENTS OF THE EARTH'S SURFACE IN EUROPE
The process of investigation of interrelation between generalized seismic criteria and vertical movements of the Earth's surface is set on the base of 2011 data. As a result, the location of earthquake epicenters relatively to triangles networks during 2011 has been shown in Figure 6b . Table 3 shows the part of coordinates base and the velocity of vertical displacement of permanent GNSS stations in 2011, which is formed by the apex of triangles. For this period, the velocity of vertical movement is in the range from -9.4 mm per year (station AXPV) to 9.09 mm per year (station BAIA). Negative values of velocities correspond to lowering territory and positive corresponds to rising territory of permanent GNSS stations.
Besides information about the earthquakes, the database includes information about the average annual vertical velocity of GNSS stations, so it means the name of permanent station, its latitude and longitude and the annual average vertical velocity.
Daily output results for vertical velocity of GNSS stations were calculated by Nevada Geodetic Laboratory with the GIPSY-OASIS-II software from Precise Point Positioning (http://geodesy.unr.edu/gps/ngl.acn.txt), and time series are available on the NGL website. The selection of stations was carried out provided that its time series are virtually continuous, including 2011. The annual time series with a data amount of not less than 90 % were accepted for processing. Rough mistakes were withdrawn from time series. The criterion of rough mistake was the change in station altitude during one day at a value greater than 20 mm. In addition, correction was made to change the antenna altitude from the Sitelog files of the station. The annual vertical velocity and its accuracy were determined by the method of least squares. Generalized vertical velocity parameters of permanent stations for the period from 2000 till 2011 are presented in Table 2 . It 2011 there were the 20th and 17th triangles with the correlation coefficient of 1 (Table 6 ). Further processing shows that the row of set triangles is increasing based on criteria of maximum correlation coefficient of ellipse of scattering earthquake epicenters of semi-minor axis and integral velocity index of the vertical displacement.
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An example of changing the correlation coefficient depending on increasing number of selected triangles in 2011 according to the established criteria is shown in Figure 8a . It is clear that with increasing number of triangles its correlation coefficient is decreasing. However, this curve is characterized by beginning of slow decreasing (up to triangle 16), and then decreasing at once. It is obvious that the priority of selected triangles has close correlation between semi-minor axis of ellipse of scattering earthquake epicenters and integral velocity index of the vertical displacement. It is characterized by slow decreasing of the correlation coefficient. Further with the beginning of the correlation coefficient decreasing for this set the triangles which have no dependence or interrelation between the vertical displacement or background seismic activity are included. After having selected triangle 45 rapid Table 4 shows the part of earthquake database of 2011, exactly earthquakes that occurred on the 1st of January, 2011 in Europe. Table 5 shows that the part of calculative results for ellipse parameters of scattering earthquake epicenters and values of the integral velocity index of the vertical displacement in 2011.
An example of mapping located ellipses of scattering earthquake epicenters in Europe during 2011 is shown graphically in Figure 7 .
The comparative analysis of the semi axis of ellipse of scattering earthquake epicenters and integral velocity index of the vertical displacement have been conducted in order to set correlation between generalized parameters of vertical movements of the Earth's surface and seismicity.
The first analysis was conducted to set correlation between the semi-minor axis of the ellipse of scattering earthquake epicenters, which corresponds to the background seismicity (b) and the absolute value of integral velocity index of the vertical displacement on the territory (|δV іnt |). Two triangles were determined from the formed annual data, which corresponds to the maximum correlation between the generalized displacement parameters b and |δV іnt |. In Thus, visually it can be seen that for the set areas there is a close functional interrelation between two different physical values: seismic activity and altitude displacements of the Earth's surface.
Similarly, trends of changing correlation coefficient with increasing number of selected triangles are usually for all observation years (for the period from 2000 to 2011). The total number of triangles of the first and the second groups have high degree of correlation and its correlation coefficient is shown in Table 7 .
The same study was conducted to set correlation between the semi-major axis of the ellipse of scattering earthquake epicenters and the absolute value of the integral velocity index of the vertical displacement on the territory (δV іnt ). According to the results of these studies, a graph (Fig. 7b) of the change in the correlation coefficient was constructed, depending on the growth of the selected number of triangles for 2011 on the criterion of maintaining the maximum correlation between a and |δV іnt |. The correlation coefficient is rapidly falling with the increase in the number of selected triangles. This shows lack of correlation connections between the decreasing of the correlation coefficient starts. It explains selection after triangle 45.
These triangles do not have correlative connection of the studying parameters. As the result selected triangles can be divided into three groups. The first group within the first 16 triangles has almost 100 % correlation between b and |δV int |. The second group is from triangle 16 to triangle 45 and it has a relatively high correlation degree of studying parameters. The third group which is next to triangle 45 has no interrelation between these parameters.
Changing dependence of integral velocity index of the vertical displacement and semi-minor axis of ellipse of scattering earthquake epicenters for the 16 selected triangles with a degree of correlation more than 0.998 in 2011 is shown in Figure 9a . Figure 9b shows that the increasing number of selected triangles is decreasing the dependence between these parameters, but for selected triangles 45 the curves of changing b and |δV int | are almost the same, and the correlation coefficient is not more than 0.96. Figure 9c shows that curves of changing b and |δV int | next to triangle 45 do not have convergence. So, connection between these parameters is sure to be lost.
153 Fig. 7 Map of ellipse of scattering earthquake epicenters in Europe and integral velocity index of the vertical displacement in 2011.
Table 6
The selected triangles by applying the criterion of maximum correlation coefficient between parameters b and |δV int | based on seismic activity and GNSS-stations measurements in 2011. (Fig. 12) . Figure 11 shows that the coefficients a and c have a linear dependence on max (b) -min (b). Thus, for each observation year linear equation can be applied depending on a and c coefficients out of max (b) -min (b) . Having calculated, these two systems of equations by using method of the least squares the following two equations can be done. 
The average square error of determination a and c relatively is m a = 0.1, m c = 0.6 that is approximately 15 % of their average values. Simple equation transformation can been done by substituting equation (6) and (5) and calculating them. 
This equation gives the possibility for the territories with close correlation connection between b and |δV int | based on the earthquake distribution parameters, exactly on the semi-minor axis of ellipse of scattering earthquake epicenters b and integral velocity index of the vertical displacement |δV int |, which shows the intensity of vertical movements of the Earth's surface. The reliability of expression (7) is illustrated in Figure 13 .
It must be noted that the maximum deviation between |δV int |. which is determined by measuring semi-major axis of the ellipse of scattering earthquake epicenters and the integral velocity index of the vertical displacement on the territory (|δV int |).
In order to find interrelation between the parameters |δV int | and b on the European territory function has been set for these two parameters of triangles with high degree of correlation. To do this, according to Table 6 , a schedule of changing the parameters ln(b )and ln|δV int | will be constructed (Fig.   10 ). From this figure it can be seen that the dependence of these parameters is actually linear.
Accordingly, the equation of dependence of these parameters will be the following:
where: b is the value of semi-minor axis of ellipse of scattering earthquake epicenters; |δV int | is integral velocity index of the vertical displacement, a and c are constant coefficients. The results of determination of the coefficients a and c based on the system of equations (5), by formed selected triangles of the first and the second group using the method of the least squares have been shown in Table 7 . Thus, the results obtained by processing values of coefficients a and c are much bigger than average square error. It shows close functional connection by the equation (5) Reliability of approximation b of semi-minor axis of ellipse of scattering earthquake epicenters in equation (5) using data of 2011 (see Fig. 11 ) has been illustrated. Figure 11 shows that the maximum set of the curves of changing parameter b , are in triangles with the maximum b values. In general, the selected 
THE RESEARCH OF INTERRELATION BETWEEN SEISMIC ACTIVITY AND MODERN … .

157 The next it is important to find territories where indifferent years display correlative connection is seen. As the configuration of triangles changes every year, different territories must be taken into consideration. In order to identify territories with sustainable in time correlative connection between b and |δV int | all European territory has been divided into a grid of squares (GRID). Graphical example of the division of the territory is shown in Figure 15 . The length and width of the Grid sides was 20 km on the place. As the result, this division has received a number of data coordinated in the apexes of quadrangles points. If the correlative connection is absent in certain triangle where this point is set it has been withdrawn out of this set. Such selection has been made for the entire observation period (from 2000 till 2011).
Thus, the territories have been set where every year close correlative connection between generalized parameters b and |δV int | (Fig. 16) . In this figure, the triangles are tinted within which the correlation connection between b and | δV int | manifested from 5 to 11 observation years. Isolines determine the total number of years during which displayed correlative connection between studied parameters has been seen.
Many observation years have obviously (Fig. 16 ) shown that high correlation between the parameters b and |δV int | as a rule is displayed in the mountain areas of the Alps, the Pyrenees, and some tectonic structures: the Armorican Massif in southwestern France, in the Rhine shale mountains (Rhenish Massif) and tectonic zone Teisseyre-Tornquist (Tornquist-Teisseyre fault system).
Areas with a close correlative connection between b and |δV int | coincide with zones of intense seismic activity. However, there is a significant part of the areas of intense seismic activity on the European continent, for which this correlation is not characteristic.
To study the characteristics of these areas statistic analysis of the division of earthquake for observation period has been done for the set areas and for areas with high seismic activity for which no correlative connection between the integral velocity and by the equation (7) So, the equation (7) can be considered as suitable for determining |δV int |. Using maximum magnitude of small semi axes of ellipse of scattering earthquake epicenters max (b)-min (b) for the European territories to the close correlative connection between b and |δV int | and b value of set territory, under condition that the average distance between GNSS stations is not more than 150 km. It should be noted that the equation (7) Figure 14 shows the annual mapping of set triangles, which have close correlative connection between the vertical displacements of the Earth's surface and seismic activity based to the results of the period from 2000 till 2011. These territories coincide with these ones of stable seismic activity. Earthquakes magnitude is in the range of 1-6 at intervals of one point.
• Location of earthquakes epicenters • Territories with high seismic activity, where correlative connection is displayed • Territories with high seismic activity but without correlative connection Analyzing submitted histogram it can be established that for the first three selected areas (with the correlative connection between b and |δV int |) from index of the vertical displacement and semi-minor axis of ellipse of scattering earthquake epicenters has been set. For example, six seismic active areas are presented in Figure 17 , the first three of which (1-3) have correlation and the next three (4-6) have no correlation between these parameters.
According to the database website United States Geological Survey and the European-Mediterranean Seismological Center histogram of earthquake distribution for all six selected areas for the period from 2000 till 2011 (Fig. 18 ) has been constructed. Obviously, increasing number of powerful earthquakes and the emergence of earthquakes magnitude 6 lead to losing correlation between seismicity background and vertical crust displacements. It could also be justified that complete lack of correlation on all the European territory between |δV int | and a (that is semi-major axis of ellipse of scattering earthquake epicenters) is formed by powerful earthquakes.
CONCLUSIONS
To find interrelation between the vertical field velocity of the Earth´s surface and seismic activity generalized criteria "integral velocity index of the vertical displacement" based on previously conducted generalized seismic criteria have been developed. Spatial and temporal division of European territory has been investigated and generalized criteria of vertical field velocity of the crust, seismic activity for the period from 2000 till 2011 have been learned.
On the basis of the developed method, according to the data from 2000 to 2011, there were set areas for 55 to 70 % earthquakes magnitude 2 is presented. There is earthquakes magnitude 1 from 10 to 30 %. Also, there is earthquakes magnitude 3, which is in the range from 10 to 30 %. A small number of earthquakes with magnitude 4 and 5 have been registered there. But their amount does not exceed 3 %.
For (4-6) zones, which are without correlative connection between b and |δV int | the vast majority of earthquakes magnitude 3 is from 37 to 70 % and earthquakes magnitude 2 is from 16 to 49 %. However, earthquakes magnitude in the range from 4 to 6 is 9 % and magnitude in the range from 5 to 0.7 is 2.5 %. And there is earthquakes magnitude 6. Their percentage is from 0.3 to 1.2 %.
In general, in the area without correlative connection in comparison with the territories where present correlation is presented (Table 8 ) earthquakes magnitude is two or three times less than earthquakes of magnitude in the range from 1 to 2 and three times more than earthquakes of magnitude in the range from 3 to 4. There are 15 times more earthquakes of magnitude 5 and magnitude 6. 19.9 % 60.9 % 17.4 % 1.6 % 0.1 % 0 % 4-6 (Without correlative connection) 6.7 % 34.9 % 50.5 % 6.1 % 1.5 % 0.3 % a systematic display and, therefore, it is difficult to set connection between seismicity and their movements. This is confirmed by the absence of correlation between b and |δV int | in seismic active European areas with earthquakes magnitude in the range from 5 to 6 and complete absence of correlative connection on the whole European territory between |δV int | and a (where a is a semi-major axis of ellipse of scattering earthquake epicenters) which are formed by powerful earthquakes. The results of the research can be taken into account to predict places of altitude displacement at the European continent foundations and to conduct models of vertical movements of the Earth's surface.
These studies are not intended to predict a particular earthquake. On the basis of the developed research methodology and generalized criteria of seismicity and vertical movements of the Earth's surface, zones with a close correlation between these parameters have been established in the territory of Europe. The existence of this correlation is substantiated and functional dependencies are defined for these territories between the introduced general criteria. The continuation of these studies may allow the establishment of similar functional connections for the prediction of generalized seismic background.
the European continent (Fig. 16 ) for which during 5-7 years the correlation coefficient between b (semiminor axis of ellipse of scattering earthquake epicenters) that corresponds to the background seismicity of the territory, and |δV int | (integral index of the velocity of the vertical displacement of the territory) was within 0.95-0.99.
For the territory with close correlative connection between b and |δV int | mathematical equation has been set that enables options based on the distribution of earthquakes, such as semi-minor axis ellipse of scattering earthquake epicenters b which helps to determine the integral velocity index of the vertical displacement |δV int | of a set territory. It is proved that mathematical formula can be used to determine |δV int | for the European territories with close correlative connection between b and |δV int | under the condition of using GNSS stations network with the average distance between them not more than 150 km. The established mathematical equation cannot determine that known b parameter applying known |δV int |, because the maximum extent of semi-minor axis of ellipse of scattering earthquake epicenters for the whole territory must be taken into account.
Taken into consideration that semi-minor axis b of ellipse of scattering earthquake epicenters depends on the amount and spatial division of small magnitude earthquakes, the detected seismic active areas with close correlative connection between b and |δV int | confirm the interrelation between the slow movements of the Earth's surface and background seismicity, which is caused by slack earthquakes.
Powerful earthquakes cause abnormal movements of the Erath's surface that do not have Fig. 18 Histogram of earthquakes distribution by magnitude at the set territories.
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